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Abstract — Highly anisotropic particles of T1-1212, T1-2212,
T1-1223 and T1-2223 superconductors were grown. The Tl-free
precursor powders with the compositions Ba,Ca;CuAg, ;3,06
and Ba,Ca,Cu;Ag,,,0; were prepared using an aerosol fNow
reactor. These precursor powders were then post-annealed in
0.1 atm oxygen at 700 “C for 4h to reduce the carbon present and
mixed with TLO; (typlcal compaosition of ThL; x = 0.6-1.0). The
Tl-containing powders were heated In scaled gold tubes between
650-890 °C for various times. X-ray diffraction showed that the
T1-2212 and T1-2223 phases were stable over a wide range of
temperatures. Scanning electron microscopy showed evidence
for the presence of bigh aspect-ratio particles. These highly
anisotropic particles may of Interest for the preparation of pow-
der-In-tube and other powder deposited conductors, for current
leads, and for grain alignment studics.

I. INTRODUCTION

The observation of high critical cumrents and good “in-
field” transport property measurements at temperatures > 40
K in nB32C82CU309 or (Tl,Pb)(Sr,Ba)2Ca2Cu309 (bOLh
referred to as T1-1223) superconductors give these materials
great technological importance for 40 K applications {1}-[4].
For the fabrication of superconducting wires, tapes, powder-
deposited conductors and magnetic shields, fine
homogeneous precursor powders are necessary. A promising
method for producing superconducting powders is the gas-
phase decomposition of aerosol droplets containing
inorganic precursors {5]. The aerosol pyrolysis technique
can produce high quality powders with reproducible phase
content, particle morphology, size distribution and
microstructure, but synthesis of complex oxide aerosol
precursor powders and their subsequent thallination require
studies of grain growth, chemical reactions and phase transi-
tions during processing. In this work, we report the forma-
ton of submicron size particles of precursor powders by

Manuscript received October 17, 1994,

This work was sponsored by the Division of Materials Sciences, Office of
Basic Energy Sciences, US Department of Energy and technology develop-
ment was funded by the US Department of Energy Office of Advanced
Utility Concept-Superconductor Technology Program, both under contract
DE-ACO05-840R21400 with Martin Marietta Energy Systems, Inc. This
work was also supported by the Oak Ridge National Laboratory Postdoctoral
Research Program, administered jointly by the ORISE and ORNL.

BISTRIBOTIOR GF THIS UBUUNER IS BRLt b

AR

A

aerosol decomposition of the starting nominal compositions
BayCa;Cu3Agy 3707 and BaCayCu3zAgy370¢. These pre-
cursor powders were then mixed stoichiometrically with
T1,05, and heat-treated at various temperatures and different

periods of times in sealed gold tubes. Highly anisotropic
particles of T1-2212, T1-2223, T1-1212 and T1-1223 super-
conductors were obtained at different temperatures.

" 1L EXPERIMENTAL ASPECTS

Precursor powders with the nominal compositions
Ba,Ca;CuzAgg 3707 and Ba;CayCusAgg 3704 were prepared
by aerosol decomposition. An aqueous solution of Ba, Ca,
Cu and Ag nitrates with stoichiometry Ba:Ca:Cu:Ag =
2(0r1):2:3:0.37 (5 weight % Ag in fully reacted powder) and
a Cu?* concentration of 0.1 M was prepared by dissolving
BaCO;, CaCO3, CuO and AgNO; in HNO;. The pH of the

solution was approximately 1. An aerosol was generated
from the precursor solution using a commercial atomizer and
was carried through an alumina reactor tube which is kept
inside a tube furnace. The fumace was maintained at a tem-
perature of 850 °C, and the flow was adjusted to obtain resi-
dence times of 1-25 sec within the decomposition zone, and
the oxide powders were collected on a silver membrane filier.
Argon-oxygen (2 %) gas was used the carrier gas. A
schematic diagram of the powder generation apparatus is
shown in Figure 1. Pyrolysis temperature, residence time and
carrier gas compositions were the key process parameters for
the aerosol decomposition. Typical collection raies of the
powders were about 1 g/h. Exposure of the powder on the fil-
ter to water or high humidity must be avoided. To prevent
condensation and to reduce the relative humidity during pow-
der collection, the filter was heated to 60-70 °C. ‘The powders
were unloaded from tbe filter inside a dry box. The precur-
sor powders were then post-annealed in 0.1 atm of oxygen at
700 "C for 4 h to reduce the level of carbon present.
Annealing in high purity oxygen gas was found to be crucial.
The precursor powders were then mixed with THO4 with the

typical composition of Tl,; x = 0.6-1.0, sealed in a gold tube

and heat-treated in flowing oxygen between 650-890 °C for
various reaction times. The details of the starting nominal
composilions, reaction temperatures, and reaction times are
reported in Table 1.
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TABLEI
SUMMARY OF VARIOuS T1-PHASES OBTAINED FROM Ba-Ca-Cu-Ag-O BASED AEROSOL PRECURSOR POWDERS

S. Reaction Reaction
No. Starting Nominal Compositions? Temp. Time XRD Results®
(o) )

L Ty goBa; 05Caz 02Cu3 00480320y 650-715 12 T-2212
800-830 6 Ti-2212
850-880 3 T1-2223
8§90 0.50 T1-2223

2. Tg s0Ba; 05Ca 0:Cu3,00A20.320y 850 0.50 T1-2223

3. Tlo.60Ba1 05Caz.02Cu3. 00480320y 840 033 TH-1223;T1-2223

4 T, p0Bay 955Cay 19Cu3 p0AL0 30y 650 2 T-1212T-2212
750-830 1 TI-2212
850-880 i T1-2223

s. T 30Ba; 92Cay 10Cu3,00A80.360y 850 I T1-2223

6. Tl 50Baz 0oCay 00Cu3 00A80.400y 650-700 1 TI-1223;1-1212
750-800 1 T1-2212
830-865 I T1-2223

asome of the compositions were determined from ICP analysis.
bonly major phases are reported

The samples were characterized by X-ray powder diffrac-
tion (XRD). Carbon content was determined by the LECO
Carbon analyzer and chemical compositions were determined

the as-produced aerosol precursor powders was of the order
of 5000 ppm. After post-annealing at 700 "C in 0.1 am
oxygen for 4h, the carbon content was reduced to 2000 ppm.

by ICP. Grain morphology and grain size were obtained
using scanning electron microscopy (SEM).

I[II. RESULTS AND DISCUSSION

The room-temperature X-ray powder pattern for the TI-
free precursor powders showed the presence of BaCuO,,
Ca0, Cu0 and Ca-Cu-O phases. The SEM micrograph of the
Ba,;CayCujAgg 170, precursor powder is shown in Figure 2.

The as-produced powders are homogencous hollow spheres
which are less than a micron in size. The carbon content for

mrer” )
CARRIER .
Gas YALYE
ASPIRATION O
PUMP x
-+
EXHAUST

Fig. 2. Typical SEM micrograph of the as-produced aerosol precursor

Fig. 1. Schematic diagram of the acrosol pyrolysis system.
& ¢ pyrol y powders Hlustrating the presence of submicron size particles.




Fig. 3. SEM micrograph of the mixture of T1-1212 and T1-1223 supercon-
ductors.

Fig. 4. SEM micrograph of the T1-2212 superconductor.

The room-temperature XRD results for the heat-treated Tl-
containing precursor powders are reported in Table I In
addition to the major phases reported, minor impurities such
as BaCuO,, Ca0 and CuO were also observed. In general,
T1-1212 and T1-1223 phases formed below 700 °C while TiI-
2212 formed between 700-830°C, and T1-2223 forimed above
830 "C. The SEM micrographs for the mixture of T1-1212
and T1-1223, T1-2212, and T1-2223, are shown in Figures 3,
4, and 5 respectively. These SEM micrographs clearly show
the evidence for formation of highly anisotropic platelets.
The T1-2212 and T1-2223 phases were stable over a wide
range of temperatures.

We demonstrated the formation of various Tl phases from
1223 (or 1123) starting compositions at different processing
temperatures. Efforts are being made to use these platelets
for various conductor fabrication routes. Bayya et al. [6] also
obtained highly anisotropic particles of T1-2212 and T1-2201
from the starting nominal compositions of 1223 by using
NaCl-KCl as a molten salt medium at 850 “C with a reaction
time of 1h.
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Fig. 5. SEM micrograph of the TI-2223 superconductor illustrating the
platelet formation.
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